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mto two-component (2K) or 
One-component (IK) / 

m ulticomponent <3K. «) clearcoat materials are 

described, for example, in the patents OS-A-5 474 811. 

US -A-5 356 669, OS-A-5 605 965, WO 94/10 211, 

5 „0 94/10 212, WO 94/10 213. EP-A-0 594 068, 

EP . A .0 594 071, EP-A-0 594 142, EP-A-0 604 992. 
w0 94/22 969, EP-A-0 596 460 and WO 92/22 615. 

ar P known, for example, from 
Powder clearcoat materials are Known, 

» the German patent DE-A-42 22 194 or from the BASF EacHe 
+ Farben AG product information bulletin -Pulverlacfce" 
[powder coating materials] , 1990. 

R powder coating material which is curable thermally 
15 and with actinic radiation is Known from the European 
patent EP-A-0 844 286. !t comprises an unsaturated 
bi nder and a second resin, copolymerizable with the 
flr .t. and also a photoinitiator and a thermal 
initiator, and is accordingly curable thermally and 
20 with actinic radiation. However, this dual-cure powder 
coating material is used as a pigmented topcoat 
serial, which is cured superficially with UV light 
and thermally in the regions close to the substrate. 
The patent does not reveal whether this Known powder 

f „ ial is also suitable for producing 
25 coating material is <*-^ 

clearcoats, especially in multicoat systems. 

Powder slurry coating materials comprise powder coating 
m aterials in the form of aqueous dispersions. Slurrres 
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o£ ui. Kind are described, for e*a mP le, in the U.S. 

applications 0 E - R - 195 1. 3«-« — 6 » ^ 

in th e German patent appiication DE-a-iSS 14 471.7. 
5 which „ as unpublished at tbe priority date or the 
present specification. 

-i „ ar-<= disclosed, for 
Moa , roa t materials are UiSW 
UV-curable clearcoat ma 

10 and US-A-4 675 234. 

Each of tbese ciearooat trials bas specific 
s«en g ths and weaknesses . Osin 9 tbese clearcoa 
aerials, .ulticoat system which satisfy tbe optical 
retirements are obtained. However, tbe scratcb- 

*- mto clearcoat materials are 
resistant one-component (IK) clear 

M not sufficiently weathering-resistant, 
sometimes not su 

„ h ereas tbe „eatherin g -resistant two-co m ponent ,«, 
m ultico mP onent ,3K, «, clearcoat materials are often 
noC sufficiently scratch-resistant. Certain one- 
ccponent ,1K, clearcoat materials are indeed scratch- 
resistant and weatherin 9 -stable but, in co^inatron 
with f recently employed waterborne basecoat materials, 
exhibit surface defects sucb as shrink ,wrin k lin g , . 
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Pou der clearcoat materials, powder slurry clearcoat 
aerials and OV-curable clearcoat materials on tbe 
oth er band, exhibit a not entirely satrsfactory 
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during their drying and/or curing: that is, they are 
absorbed by the substrate, and, as a result, the 
clearcoats in question lose hardness- Above all, 
however, the sol-gel clearcoat materials are too 
5 expensive. 

The economically more favorable use of the sol-gel 
clearcoat materials as an additional coat over the 
clearcoats used to date gives rise to adhesion problems 

10 within the multicoat clearcoat system, between the 
clearcoat and the sol-gel coat, these problems arising 
in particular after stone chipping and on exposure to 
condensation. In some cases this problem is exacerbated 
by the adhesion between the clearcoat and the substrate 

15 also being affected. 

These problems may be solved to a certain extent by 
subjecting the clearcoat film that is to be coated with 
the sol-gel clearcoat material to only partial curing, 
20 so that on conjoint curing the sol-gel coating may be 
anchored chemically, so to speak, on the clearcoat 
film. However, the second clearcoat film requires a 
long oven drying time to cure, which is a considerable 
disadvantage . 

25 

It is an object of the present invention to provide a 
novel multicoat clearcoat system which no longer has 
the disadvantages of the prior art but which instead is 
easy to produce, highly scratch-resistant, stable to 
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weathering, free from yellowing, hard, flexible, and 
free from surface defects, exhibits a high level of 
adhesion to all substrates and within the clearcoat 
system too, and may be produced in the high coat 
thickness needed for an outstanding overall appearance. 
A further object of the present invention is to provide 
a new process for producing such single-coat or 
multicoat clearcoats from at least two coating 
materials curable with actinic radiation. 

Accordingly we have found the novel, highly scratch- 
resistant multicoat clearcoat system A for a primed or 
unprimed substrate, said system being producible by 



(1) applying at least one clearcoat film I of a 
!TJ coating material I curable thermally and with 

actinic radiation to the surface of the substrate, 
and partially curing it, and 

20 (2) applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
also, if desired, thermally, comprising nano- 
particles, to the surface of the clearcoat film(s) 
I, and then 
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25 



(3) curing the clearcoat films I and II conjointly 
with actinic radiation and thermally. 
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As an alternative to this, we have found the further 
novel, highly scratch-resistant multicoat clearcoat 
system A for a primed or unprimed substrate, said 
system being producible by 
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(2) 



applying at least one clearcoat film I of 
coating material I curable thermally and with 
actinic radiation to the surface of the substrate, 
curing it and roughening it, 

applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
also, if desired, thermally, comprising nano- 
particles, to the outer surface of the clearcoat 
15 film(s) I, and then 

(3) curing the clearcoat film II with actinic 
radiation and, if desired, thermally. 



The two novel, highly scratch-resistant multicoat 
clearcoat systems A are referred to below as the 
"clearcoat systems A of the invention". 



We have also found the novel process for producing a 
25 highly scratch-resistant multicoat clearcoat system A 
on a primed or unprimed substrate, which involves 

(1) applying at least one clearcoat film I of a 
coating material I curable thermally and with 



actinic radiation to the surface of the substrate, 
and partially curing it, and 



(2) applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
also, if desired, thermally, comprising nano- 
particles, to the surface of the clearcoat film(s) 
I, and then 

(3) curing the clearcoat film I and II conjointly with 
actinic radiation and thermally . 

As an alternative to this, we have found the further 
novel process for producing a highly scratch-resistant 
multicoat clearcoat system A on a primed or unprimed 
substrate, which involves 

(1) applying at least one clearcoat film I of a 
coating material I curable thermally and with 
actinic radiation to the surface of the substrate, 
curing it arid roughening it, 

(2) applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
also, if desired, thermally, comprising nano- 
particles, to the outer surface of the clearcoat 
film(s) I, and then 



(3) curing the clearcoat film II with actinic 
radiation and, if desired, thermally. 

The two new processes for producing highly scratch- 
resistant clearcoat systems A are referred to below as 
"processes A of the invention". 

We have additionally found the novel, highly scratch- 
resistant multicoat color and/or effect coating system 
B for a primed or unprimed substrate, which is 
producible by 

(1) applying at least one color and/or effect basecoat 
film III of a pigmented coating material III 
curable thermally and also, if desired, with 
actinic radiation to the surface of the substrate 
and drying it without curing, 

(2) applying at least one clearcoat film I of a 
coating material I curable thermally and with 
actinic radiation wet-on-wet to the surface of the 
basecoat film III, and partially curing them, and 

(3) applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
also, if desired, thermally, comprising nano- 
particles, to the surface of the clearcoat film(s) 
I, and then 
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also, if desired, thermally, comprising 
nanoparticles, to the outer surface of the 
clearcoat film(s) I, and then 

(6) curing the clearcoat film II with actinic 
radiation and, if desired, thermally. 

In the text below, the novel multicoat color and/or 
effect coating systems B are referred to as the 
"multicoat systems B of the invention". 



Furthermore, we have found the novel process for 
producing a highly scratch-resistant multicoat color 
and/or effect coating system B of a primed or unprimed 
15 substrate, which involves 

(1) applying at least one color and/or effect basecoat 
film III of a pigmented coating material III 
curable thermally and also, if desired, with 
actinic radiation to the surface of the substrate 
and drying it without curing, 



(2) applying at least one clearcoat film I of a 
coating material I curable thermally and with 
actinic radiation wet-on-wet to the surface of the 
basecoat film III, and partially curing them, and 

(3) applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
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also, if desired, thermally, comprising nano- 
particles, to the surface of the clearcoat film(s) 
I, and then 

(4) curing the basecoat film(s) III and the clearcoat 
films I and II conjointly with actinic radiation 
and thermally. 

As an alternative to this, we have found the further 
novel process for producing a highly scratch-resistant 
multicoat color and/or effect coating system B on a 
primed or unprimed substrate, which involves 



(1) applying at least one color and/or effect basecoat 
film III of a pigmented coating material III 
curable thermally and also, if desired, with 
actinic radiation to the surface of the substrate 
and drying it without curing, 



(2) applying at least one clearcoat film I of a 
coating material I curable thermally and with 
actinic radiation wet-on-wet to the surface of the 
basecoat film III, 



(3) curing the basecoat film III and clearcoat film(s) 
I conjointly, thermally and with actinic 
radiation, 
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(4) roughening the outer surface of the clearcoat 
film(s) I, 

(5) applying a further clearcoat film II of a coating 
material II curable with actinic radiation and 
also, if desired, thermally, comprising nano- 
particles, to the outer surface of the clearcoat 
film(s) I, and then 

(6) curing the clearcoat film II with actinic 
radiation and also, if desired, thermally. 

In the text below, the two new processes are referred 
to as the "processes B of the invention". 

In the context of the present invention, the term 
-thermal curing" denotes the heat-initiated curing of a 
film of a coating material, usually using a separate 
crosslinking agent. This is commonly referred to by 
those in the art as external crosslinking. Where the 
crosslinking agents have already been built into the 
binders, the term self-crosslinking is used. In 
accordance with the invention, external crosslinking is 
of advantage and is therefore employed with preference. 

in the context of the present invention, actinic 
radiation means electron beams or, preferably, UV 
radiation. Curing by UV radiation is normally initiated 
by free-radical or cationic photoinitiators and in 
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< c a free-radical or cationic 
terms of its mechanism is a free ra 

photopolymerization . 

Wh ere thermal curing and curing with actinic light are 
employed conjointly for one coating serial, the term 
"dual cure" is also used. 

„ the light of the prior art it was surprising and 
unf oreseeahle for the stilled worker that the very 
complex problem on which the present invention is based 
migh t he solved with the aid of the clearcoat system 

arH of the multicoat system B of the 
of the invention and ot tne 

invention and also cf the processes of the invention 
for Producing them. A particular surprise is that not 
15 only the intercoat adhesion within the clearcoat system 
A o£ the invention but also the adhesion to the 
b asecoat III within the multicoat system B of the 
invention are improved to an extent far beyond that 

. m . n f the invention and the 
known. The clearcoat system A of the 

2 0 multicoat system B of the invention have excellent 
optical properties. in particular a high level of 
£ ullness. high DOI values, high gloss, and no 
flowing. As a conseguence of the dual curing, even 
complex components and shaped parts may he fully cured 

in a simple manner. With all 
25 in their shadow regions in a simpr 

these advantages, the clearcoat system A of the 
invention and the multicoat system B of the invention 
are also of outstanding weathering and chemical 
stability. Net least, however, they are extremely 
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scratch-resistant and withstand even treatment with 
steel wool. In particular, however, they are not 
damaged by the equipment commonly employed in carwash 
installations . 

The clearcoat systen, A of the invention is 
outstandingly suitable for the coating of a primed or 
unprimed substrate. 

Suitable coating substrates are all surfaces which are 
amenable to combined curing using heat and actinic 
radiation, examples being metals, plastics, wood, 
ceramic, stone, textile, fiber composites, leather, 
gla ss, glass fibers, glass wool, rockwool, mineral- and 
resin-bound building materials, such as plasterboard, 
cement slabs or roof tiles. Accordingly, the clearcoat 
system A of the invention is also suitable for 
applications outside of automotive finishing, in 
particular for the coating of furniture and for 
industrial coating, including coil coating and 
container coating. In the context of industrial 
coatings, it is suitable for coating virtually all 
parts for private or industrial use, such as radiators, 
domestic appliances, small metal parts, hub caps or 
wheel rims. The clearcoat system A of the invention is 
particularly suitable as a coating for basecoats, 
preferably in the automobile industry. It is 
particularly suitable as a clearcoat over waterborne 
basecoats based on polyesters, polyurethane resins and 
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amino resins, especially as part of the multicoat 
system B of the invention. 

With the clearcoat system A of the invention or with 
5 the multicoat system B of the invention it is also 
possible, in particular, to coat primed or unprimed 
plastics such as, for example, ABS, AMMA, ASA, CA, CAB, 
EP, UF, CF, MF, MPF, PF, PAN, PA, PE, HDPE, LDPE, 
LLDPE, UHMWPE, PET, PMMA, PP, PS, SB, PUR, PVC, RF, 
10 SAN, PBT, PPE, POM, PUR-RIM, SMC, BMC, PP-EPDM and UP 
(abbreviations to DIN 7728T1) . The plastics to be 
coated may of course also comprise polymer blends, 
modified plastics, or fiber-reinforced plastics. The 
system may also be used to coat plastics commonly used 
15 in vehicle construction, especially motor vehicle 
construction . 

Nonfunctionalized and/or nonpolar substrate surfaces 
may be subjected prior to coating in a known manner to 
20 a pretreatment, such as with a plasma or by flaming. 

The clearcoat system A of the invention is producible 

by, in a first process step, applying at least one 

clearcoat film I of a coating material I curable 

25 thermally and with actinic radiation to the surface of 
the substrate. 

Accordingly, in the context of the present invention, 

it is possible to apply only one clearcoat film I of 
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the coating material I. However, two or more such 
clearcoat films I may be applied. In this case, 
different coating materials I may be employed to 
construct the clearcoat films I. In the majority of 
cases, however, the target properties profile of the 
clearcoat system A of the invention is achieved with 
one clearcoat film I . 
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The clearcoat film I is applied in a wet film thickness 
such that curing results, in the finished clearcoat 
system A of the invention, in a dry film thickness of 
from 10 to 100, preferably from 15 to 75, with 
particular preference from 20 to 55, and in particular 
from 20 to 35 um. 

The application of the coating material I for the 
purpose of producing the clearcoat film I may take 
place by any customary application method, such as 
spraying, knif ecoating, brushing, flowcoating, dipping 
or rolling, for example. Preference is given to using 
spray application methods, such as compressed 
airspraying, airless spraying, high-speed rotation, 
electrostatic spray application (ESTA) , alone or in 
conjunction with hot spray application such as hot-air 
spraying, for example. The applications may be 
implemented at temperatures of max. 70 to 80° Celsius, 
so that appropriate application viscosities are 
achieved without any change or damage to the coating 
material I, or its overspray, which may be intended for 
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reprocessing, during the short period of thermal 
stress. For instance, hot spraying may be configured 
such that the coating material I is heated only very 
shortly in, or shortly before, the spray nozzle. 

The spray booth used for the application may be 
operated, for example, with an optionally 
thermostatable recirculation system which is operated 
with an appropriate absorption medium for the 
overspray, an example of such a medium being the 
coating material I itself. 

Application is preferably conducted under illumination 
with visible light with a wavelength of more than 
550 nm, or with light excluded. This prevents material 
change or damage to the coating material I or the 
overspray . 

Of course, the above-described application methods may 
also be employed for the production of the clearcoat 
film II or the basecoat film III and also, if desired, 
further coating films, in the context of the processes 
A or B of the invention. 

in accordance with the invention, the clearcoat film I 
is partially cured following its application. Viewed in 
terms of its methodology, the partial curing does not 
differ from the customary full curing of a coating 
film, in this case, crosslinking is carried out only 
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until the clearcoat film I possesses, on the one hand, 
a dimensional stability sufficient for the purposes of 
the processes A or B of the invention and, on the other 
hand, a sufficient amount of the crosslinkable 
functional groups (all) and (a21) and/or (al2) and 
(a22) (complementary functional groups) described below 
for subsequent crosslinking and for intercoat adhesion. 
The extent of partial curing may therefore vary very 
widely and is guided by the requirements of each 
individual case. However, it may be determined by the 
skilled worker on the basis of his or her general 
knowledge in the art and/or on the basis of simple 
preliminary tests. Of the crosslinkable functional 
groups present in the coating material I, preferably 
from 0.5 to 99.5, with particular preference from 1 to 
99, with very particular preference from 2 to 90, and 
in particular from 3 to 80 mol% are reacted. It is 
especially preferable if the clearcoat film I is still 
tacky following its partial curing. 
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in accordance with the invention, clearcoat film I may 
be partially cured with actinic radiation or thermally, 
or with actinic radiation and thermally. In accordance 
with the invention it is of advantage to cure the 
25 clearcoat film I partially with actinic radiation, 
since in this case it is possible to exert particularly 
effective control over the degree of crosslinking by 
way of the input of radiative energy. 
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Curing may take place after a certain rest period. This 
period may last for from 30 seconds to 2 hours, 
preferably for from 1 minute to 1 hour, and in 
particular for from 1 minute to 30 minutes. The rest 
period is used, for example, for leveling and for 
devolatilization of the clearcoat I or for the 
evaporation of volatile constituents such as solvents, 
water, or carbon dioxide if the coating material has 
been applied using supercritical carbon dioxide as 
solvent. The rest period may be assisted and/or 
shortened by the application of elevated temperatures 
up to 80° Celsius, provided this does not entail any 
damage or change to the clearcoat film I, such as 
premature complete crosslinking, for instance. 

in accordance with the invention, curing with actinic 
radiation takes place with UV radiation or electron 
beams. If desired, it may be carried out, or 
supplemented, with actinic radiation from other 
sources. In the case of electron beams, it is preferred 
to operate under an inert gas atmosphere. This may be 
ensured, for example, by supplying carbon dioxide 
and/or nitrogen directly to the surface of the 
clearcoat film I- 

in the case of curing with UV radiation as well it is 
possible to operate under inert gas in order to prevent 
the formation of ozone. 
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Curing with actinic radiation is carried out using the 
customary and known radiation sources and optical 
auxiliary measures. Examples of suitable radiation 
sources are high- or low-pressure mercury vapor lamps, 
with or without lead doping in order to open up a 
radiation window up to 405 nm, or electron beam 
sources. The arrangement of these emitters is known in 
principle and may be adapted to the circumstances of 
the workpiece and the process parameters. In the case 
of workpieces of complex shape such as automobile 
bodies, those regions not accessible to direct 
radiation (shadow regions) such as cavities, folds and 
other structural undercuts may be (partially) cured 
using pointwise, small-area or all-round emitters in 
conjunction with an automatic movement means for the 
irradiation of cavities or edges. 
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The equipment and conditions for these curing methods 
are described, for example, in R. Holmes, U.V. and E.B. 
Curing Formulations for Printing Inks, Coatings and 
Paints, SITA Technology, Academic Press, London, United 
Kingdom 1984. 
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The (partial) curing here may take place in stages, 
i.e., by multiple exposure to light or to actinic 
radiation. It may also take place alternatingly , i.e., 
by curing alternately with UV radiation and electron 
beams . 
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Thermal curing as well has no special features in terms 
of its method but instead takes place in accordance 
with the customary and known methods, such as heating 
in a forced air oven or irradiation with IR lamps. As 
with actinic radiation curing, thermal curing may also 
take place in stages. Thermal curing takes place 
advantageously at a temperature of from 50 to 100 °C, 
with particular preference from 80 to 100«C, and in 
particular from 90 to 100°C for a period of from 1 min 
up to 2 h, with particular preference from 2 min up to 
1 h, and in particular from 3 min to 30 min. Where the 
substrates used have a high capacity to withstand 
thermal stress, thermal crosslinking may be conducted 
even at temperatures above 100°C. In this case it is 
generally advisable for the temperatures used not to 
exceed 180°C, preferably 160°C, and in particular 
140°C. 
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Where thermal curing and actinic radiation curing are 
employed together, these methods may be used 
simultaneously or in alternation. Where the two curing 
methods are used in alternation, it is possible, for 
example, to commence with thermal curing and to end 
with actinic radiation curing. In other cases it may 
prove advantageous to begin and to end with actinic 
radiation curing. The skilled worker is able to 
determine the curing method most advantageous for the 
case in hand on the basis of his or her general 
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ibly with the assistance of 



knowledge in the art, possi 
simple preliminary tests. 



Of course, the curing methods described above may also 
be employed for the production of the clearcoat film II 
or the basecoat film III and also, if desired, further 
coating films in the context of the processes A or B of 
the invention. 

The coating material I for use in accordance with the 
invention for the production of the clearcoat film I 
comprises at least one constituent (al) containing at 
least two functional groups (all) which serve for 
crosslinking with actinic radiation. 

Examples of suitable functional groups (all) are 
epoxide groups or olefinically unsaturated double 
bonds, as present in vinyl, allyl, cinnamoyl, 
methacryloyl or acryloyl groups, especially 
methacryloyl or acryloyl groups. As is known, the 
epoxide groups are used for cationic 

photopolymerization, whereas the olefinically 

unsaturated double bonds are primarily suitable for 
free-radical photopolymerization. In accordance with 
the invention, the constituent (al) may contain epoxide 
groups and olefinic double bonds, so that it may be 
subjected to crosslinking with actinic radiation by 
both mechanisms. It is of advantage, however, to use 
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exclusively olefinically unsaturated double bonds of 
the abovementioned kind as functional groups (all) . 

The constituent (al) for use in accordance with the 
invention may further comprise at least one, preferably 
at least two functional group (s) (al2) which are able 
to undergo thermal crosslinking reactions with the 
complementary functional groups (a22) of the 
constituent (a2) described below. 

Examples of suitable complementary functional groups 
( al2) and (»22) are evident from the overview below, in 
which R represents organic groups. 



15 Overview: Examples of complementary functional groups 
(al2) and (a22) in the 



c tituent (al) and Constituent (a2) 



Constituent (a2) 

-SH 
-NH 2 
-OH 



or 

and Constituent (al) 

-C (O) -OH 
-C (O) -O-C (O) - 
-NCO 

-NH-C (O) -OR 
-CH 2 -OH 
-CH2-O-CH3 

-NH-C (O) -CH (-C (O) OR) 2 



-NH-C (O) -CH (-C (O) OR) (-C (O) -R) 



-NH-C (O) -NR 2 
= Si (OR) 2 

o 

/\ 

-CH-CH2 



-C(0)-OH 0 

-CH-CH 2 



-O-C (O) -CR=CH 2 
-0-CR=CH 2 



-OH 
-NH 2 

-C (O) -CH 2 -C (O) -R 
-CH=CH 2 



The selection of the respective complementary groups 
(al2) and (a22) is guided firstly by the consideration 
that they should not undergo any unwanted reactions 
initiated by actinic radiation or should not disrupt or 
inhibit the curing with actinic radiation, and secondly 
by the temperature range within which thermal curing is 
to take place. In this context it is of advantage in 
accordance with the invention, especially with regard 
to heat-sensitive substrates such as plastics, to 
choose a temperature range which does not go beyond 
100°C, especially 80°C. In the light of these boundary 
conditions, hydroxyl groups and isocyanate groups have 
proven advantageous as complementary functional groups, 
and so are employed with preference in accordance with 
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the invention. Particular advantages result if the 
hydroxyl groups are used as functional groups (al2) and 
the isocyanate groups as functional groups (a22) . 

5 Where there is no functional group (al2) in the 
constituent (al> , the coating material I mandatorily 
includes at least one thermally curable constituent 
(a7), which is described in detail below. 



10 



15 



Accordingly, the particularly advantageous constituent 
(al) comprises an oligomeric or polymeric compound 
curable with actinic radiation or thermally which 
comprises, if desired, at least one, preferably at 
least two, and in particular at least three hydroxyl 
group (s) <al2) and at least two and especially three 
(meth) acryloyl groups (all). 



in the context of the present invention, an oligomeric 
compound is a compound containing in general on average 

20 from 2 to 15 repeating basic structures or monomer 
units. A polymeric compound, in contrast, is a compound 
containing in general on average at least 10 repeating 
basic structures or monomer units. Compounds of this 
kind are also referred to by those in the art as 

25 binders or resins. 

in contradistinction thereto, a low molecular mass 
compound in the context of the present invention is a 
compound which derives substantially only from one 
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basic structure or one monomer unit. Compounds of this 
kind are generally referred to by those in the art as 
reactive diluents. 

The polymers or oligomers used as binders (al) normally 
have a number-average molecular weight of from 500 to 
50 000, preferably from 1 000 to 5 000. They preferably 
have a double bond equivalent weight of from 400 to 
2 000, with particular preference from 500 to 900. 
Moreover, at 23'C, they preferably have a viscosity of 
from 250 to 11 000 mPas . They are employed preferably 
in an amount of from 5 to 90% by weight, with 
particular preference from 10 to 80% by weight, and in 
particular from 15 to 70% by weight, based in each case 
on the overall amount of the coating material I. 



20 
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Examples of suitable binders or resins (al) come from 
the oligomer and/or polymer classes of the 
(meth) acryloyl-f unctional (meth) acrylic copolymers, 
polyether acrylates, polyester acrylates, polyesters, 
epoxy acrylates, urethane acrylates, amino acrylates, 
melamine acrylates, silicone acrylates and phosphazene 
acrylates and the corresponding methacrylates . It is 
preferred to use binders (al) which are free from 
aromatic structural units. Preference is therefore 
given to the use of urethane (meth) acrylates , 
phosphazene (meth) acrylates and/or polyester (meth) - 
acrylates, with particular preference urethane 
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(m eth)acrylates, especially aliphatic urethane 

(meth) acrylates . 

The urethane (meth) acrylates (al) are obtained by 
reacting a diisocyanate or polyisocyanate with a chain 
extender from the group of the diols/polyols and/or 
diamines/polyamines and/or dithiols/polythiols and/or 
alkanolamines and subsequently reacting the remaining 
free isocyanate groups with at least one hydroxyalkyl 
(meth)acrylate or hydroxyalkyl ester of other 
ethylenically unsaturated carboxylic acids. 



The amounts of chain extender, diisocyanate and/or 
polyisocyanate and hydroxyalkyl ester are in this case 
15 preferably chosen so that 

1.) the ratio of equivalents of the NCO groups to the 
reactive groups of the chain extender (hydroxyl, 
amino and/or mercaptyl groups) is between 3:1 and 
1:2, preferably 2:1 and 
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2.) the OH groups of the hydroxyalkyl esters of the 
ethylenically unsaturated carboxylic acids are 
present in stoichiometric amount in relation to 
the remaining free isocyanate groups of the 
prepolymer formed from isocyanate and chain 
extender . 



It is also possible to prepare the urethane 
(m eth)acrylates (al) by first reacting some of the 
isocyanate groups with a diisocyanate or polyisocyanate 
with at least one hydroxyalkyl ester and then reacting 
the remaining isocyanate groups with a chain extender, 
in this case as well the amounts of chain extender, 
isocyanate and hydroxyalkyl ester are chosen so that 
the ratio of equivalents of the NCO groups to the 
reactive groups of the chain extender is between 3:1 
and 1:2, preferably 2:1, and the ratio of equivalents 
of the remaining NCO groups to the OH groups of the 
hydroxyalkyl ester is 1:1- Of course, all intermediate 
forms between these two processes are also possible. 
For example, some of the isocyanate groups of a 
diisocyanate may first be reacted with a diol, after 
which a further portion of the isocyanate groups may be 
reacted with the hydroxyalkyl ester, and, subsequently, 
the remaining isocyanate groups may be reacted with a 



diamine . 



preparation processes of the urethane 
(meth)acrylates (al) are 
EP-A-204 161) - 



These various 

known (cf., e.g., 



i Flexibilization of the urethane (meth) acrylates (al) is 
possible, for example, by reacting corresponding 
isocyanate-functional prepolymers or oligomers with 
relatively long-chain aliphatic diols and/or diamines, 
especially aliphatic diols and/or diamines having at 
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least 6 carbon atoms. This f lexibilization reaction may 
be carried out before or after the addition of acrylic 
or methacrylic acid onto the oligomers or prepolymers . 

Examples of suitable urethane (meth) acrylates (al) that 
may be mentioned include the following, commercially 
liable, polyfunctional aliphatic urethane acrylates: 



ava 



Crodamer® UVU 300 from Croda Resins Ltd, Kent, 
United Kingdom; 

Genomer® 4302, 4235, 4297 or 4316 from Rahn 
Chemie, Switzerland; 

Ebecryl® 284, 294, IRR351, 5129 or 1290 from UCB, 
Drogenbos, Belgium; 

Roskydal® LS 2989 or LS 2545 or V94-504 from Bayer 
AG, Germany; 

Viaktin® VTE 6160 from Vianova, Austria; and 
Laromer® 8861 from BASF AG, and experimental 
products derived therefrom by modification. 

An example of a suitable phosphazene (meth) acrylate 
(al) is the phosphazene dimethacrylate from Idemitsu, 
Japan . 

The coating material I of the invention further 
comprises a constituent (a2) . 

This constituent (a2) also comprises a resin as defined 
above for the description of the resins (al) . 
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Accordingly, the resins (a2) also come from the 
oligomer and polymer classes described above. Of 
advantage in this context are the (meth) acryloyl- 
functional (meth) acrylic copolymers, which are 
therefore used with preference in accordance with the 
invention as resins (a2) . 

The resins (a2) are employed in an amount of preferably 
from 5 to 90% by weight, with particular preference 
from 10 to 80% by weight, and in particular from 15 to 
70% by weight, based in each case on the overall amount 
of the coating material I. 

The resins (a2) contain at least two, in particular at 
15 least three functional groups (a21) which serve for 
crosslinking with actinic radiation. Examples of 
suitable functional groups (a21) for use in accordance 
with the invention are the functional groups (all) 
described above. 



10 



20 



25 



The resins (a2) further comprise at least one, 
preferably at least two and in particular at least 
three functional group (s) (a22) which serve for thermal 
crosslinking. Examples of suitable such functional 
groups may be taken from the above overview. Isocyanate 
groups are particularly advantageous in this context 
and are therefore used with very particular preference 
in accordance with the invention as functional groups 
(a22). Particular advantages result if the resins (a2> 
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have an isocyanate groop (a22, content of fro. 1 to 20% 
by weight, with particular preference from 8 to 18% by 

.p^™ q tn 17% by weight, 
weight, and in particular from 9 to y 

based in each case on the resin <a2) . 

Examples of suitable resins ,a2, of the type described 
above are described, for example, in the patents 
US-A-5 234 970, EP-A-0 549 116, and EP-A-0 618 244. 

The coating material I for use in accordance with the 

lpast one photoinitiator 
invention may comprise at least o p 

(a3 , If the coating material I or the olearcoat film I 
is to be crosslink with UV radiation, the use of a 
photoinitiator (a3> is generally necessary, where they 
are used, they are present in the coating material I 
pre ferably in fractions of from 0 . 1 to 10% by weight, 
from 1 to 8% by weight, and in particular from 2 to 6% 
by weight, based in each case on the overall amount of 
the coating material I. 

Examples of suitable photoinitiators are those of the 
N orrish II type, whose mechanism of action is based on 

of the hydrogen abstraction 
an intramolecular variant of tne nyu y 

reactions which occur diversely in photochemical 
5 reactions (reference may be made here, by way of 
example, to Rdmpp Chemie Lexixon, 9th, expanded and 
revised edition, Georg Thieme Verlag, Stuttgart, Vol. 
4 1991, or cationic.photoiniators (reference may be 
m ade here, by way of example, to Rdmpp Lexixon Lacxe 
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u nd DrucKfarben, Georg Thieme Verlag, Stuttgart, 1998. 
pages 444 to 446,, especially benzophenones, benzoins 
or benzoin ethers, or phosphine oxides. It is also 
possible, for example, to use the products available 
5 ccmnercially under the na«es .rgacure® 184, Irgacure® 
18 00 and Irgacure® 500 fro. Ciba Geigy, Grenocure® MBF 
from Kahn. and lucirin® TPO from BASF AG. 

in addition to the photoinitiators (.3). it is possible 
10 to use customary sensitizers such as anthracene zn 
effective amounts. 

Furthermore, the coating material I may comprise at 
le ast one thermal crosslink initiator ,a4, . At from 
80 to 120-C, these initiators form free radicals which 
start the crosslink reaction. Examples of thermally 
1*11. free-radical initiators are organic peroxides, 
org anic azo compounds or c-C-cleaving initiators such 
as dialxyl peroxides. peroxocarboxylio aczds, 
20 percxodioarbonates. peroxide esters, hydroperoxides, 
ketone peroxides, azo dinitriles, or benzpinaool silyl 
ethers. Particular preference is given to G-G-cleaving 
initiators, since their thermal cleavage does not 
produce any gaseous decomposition products which might 
lead to defects in the coating film. Where used, therr 
amounts are generally from 0.1 to 10, preferably from 
0 5 to 8, and in particular from 1 to 5% by weight, 
based in each case on the overall amount of the coating 
material I. 



15 
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• ~ at least 
may compose at 

,v e coating material „ lth 
Moreover, the e the rmaUY 

. ^ diluent \z D > 
one react.ve dxl 



crosslinbable 
o£ suit aWe t»«r»aUV fcle fto » 

-* leS (a5) «. POW ; es obt aineO by 

diluents l* 5 ' themselves 
U.omeric internes an 

.actions B* aCV . a _ d subsequent 

metathesis react ^ylat.on and 

« hydr09enitl0n ' uc ^onccienns - 

„, suitable « c cy clooctene, 
EMWleS ciopentene, cyciobexene, 

— £ ' I Inene « 

15 itabie acyclic «"°° le pro cessing 

Ex a m ples of -tab ^ pe „ oleum 

hydI ccatbcn fixtures 

of suitabie oli9°«» C xyl nu*er 

20 EXMPleS Mi tb tbe mention bave a 

accotdance «* ^ nuw *er-aver 

nar weignt M« of tr 

* 

" -bet — 'Vrt: 

diluents (ab) p , der 

^ tlVe a tetra^unctional centra. ^ 
containing * diglY cero1 ' 

d itri ro etnyioiP^P ane ' 
from aiu 



- 36 - 



ethane, pentaerythritoi. tetraKis 

ethane. tetraxis ( 3-hydro*ypropyl> .ethane or . - 
bish ydroxyn,ethyi-i.4- b utanedioi (hcopentaerythrrtol, . 
These reactive diiuents .ay - prepared in accordance 
, ui th the custody and xno.n .ethods ot preparrno 
hyperb ranched and dendritic co^ounds. Surra, e 

f , nHt; are described, for example, in the 
synthesis methods are ae* 

, un Q(;/12 754 or in the book by 
patents WO 93/17 060 and WO 96/12 

r.iH and F Vogtle, "Dendritic 
6.R. Newkome, C.N. Moorefield and F. 

concepts, Syntheses, Perspectives , VCH, 
.0 Molecules, Concepts, ^ 

Weinheim, New York, 1996. 

Fur ther examples of suitable reactive diluents (a5) are 
polyC arbonatediols, polyesterpolyols, poly(meth)- 
15 acrylatediols, and hydroxyl-containing polyadducts . 

<= citable reactive solvents which may be 
Examples of suitaoie i« 

HUuents ( a5) are butyl glycol, 
used as reactive diluents i 

anol n-butanol, methoxybutanol, 

2-methoxypropanol, 

20 n - P ropanor, ethyiene gl ycor ether, ethylene 

gly ooi .oncers ether, ernyrene g iycoi -onohutyi 
ether, diethyiene g iycoi —thy! 

glyco l m onoeth y l ether, dieth y iene 9 lycol dreth 
ether, diethyiene g iycol .onohutyl e th er, 

ethvl 2-hydroxypropionate and 3-methyl-3- 
25 propane, etnyx ^ 

m ethoxy b uta„oX, and aiso derivatives hased on propyiene 
gl ycol. ethoxyethyl propionate, isopropoxy- 

propanol or methoxypropyl acetate. 
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no^d that may be 
of reactive diluents (a5) used 
Examples of reactive 

croS slin,ed with actinic radiation are 

acid and esters thereof, maleic acid and its esters, 

inclu din g monoesters, vinyl acetate, vinyl ethers, 

and the like. Examples that may be 
} vinylureas, and the ±x 

aivcol di (meth)acrylate, 
mentioned include alkylene glycol 

poly eth y lene glycol di <meth, ecr.late, 1,3-^tenedrol 
di( meth, a crylate, vinyl — ^e, 
ac rylate, glycerol tri .meth, acrylate, ****** *~ 
0 t ri ( meth> acrylate, trimethylol-propane 

acrylat e, styrene, vinyltoluene, di.inyl b en,ene, pen a 

•i .h^crvlate, pentaerythritol tetra 
erythritol tri (meth) acrylate, p 

alvcol di (meth) acrylate, 
(re eth, acrylate, dipropylene ,lyco ^ 

hexanediol di (meth) acrylate, 

15 a crylate, N -vinylpyrrolidone, phenoxyethyl , 
dirae thylaminoethyl achate, hy d roxyethyl meth " 

, hvl acrylate, isobornyl (meth) - 
acrylate, butoxyethyl acryia 

acrylate , d imethyl a crylami d e, and Oicyclopeny 
a crylate. end also t h e lon g -chain linear 
2 „ „a in E P-,-0 ». S3! and -in, a molecul 

„ei g ht of from 400 to « 000, preferably from 00 to 
2 500. The two achate .roups may. for example, 
separated by a polyoxybutylene structure. Pnrther 
ca ndid a tes £ or use ere l,12-dodec y l diaor y late and the 
25 taction produot or 2 mol or acr y lio acid with one mole 
o£ . dimeric fatty alcohol havin, g enerally 3, car on 
at oms. Mixtures of the scovementioned monomers are also 



suitable- 



10 



'•irzs 



m 
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Preferred for use as reactive diluents <a5, are mono- 
and/or diacrylates, such as isobornyl acrylate, 
hexanediol diacryiate. triprcpyiene glycol diacrylate, 
8887 fro. BASP AG, and Actilane® 423 fro. 

Ttri UK for example. Particular 
Akcros Chemicals Ltd., ' 

preference is given to the use of isobornyl acrylate, 
hexanediol diacrylate, and triprcpyiene glycol 
diacrylate . 

Where used, the reactive diluents <a5> are employed in 
an amount of preferably fro. 2 to 70, with particular 
pr eference fro, 10 to 65, and in particular from 15 to 

50% by weight, based in each case on the overall amount 

of the coating material I. 

The coating material may further comprise one or more 

i a fi\ in effective amounts, 
customary coatings additives (a6) in er 

i e f in amounts of preferably up to 20% by weight, 
with particular preference up to 15% by weight, and in 
particular up to 10% by weight, based in each case on 
the overall amount of the coating material I. 

Examples of suitable coatings additives (a6) are 



25 - UV absorbers; 

_ light stabilizers such as HALS compounds, 
benzotriazoles or oxalanilides; 



15 



20 
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free-radical scavengers; 

crosslinks catalysts such as dibutyltin dilaurate 
or lithium decanoate; 

slip additives; 
polymerization inhibitors; 

def oamers; 

emulsifiers. especially ncnicnic emulsifiers such as 
alkylated alkanols and polyols, phencls and 
slxylphenols or anionic emulsifiers such as alkali metal 
salts or ammonium salts of alkanecarboxylic acids, 
alkanesulfonic acids, and sulfo acids of alkylated 
alkanols and polyols, phenols and alkylphenols; 

- wetting agents such as siloxanes, fluorine compounds, 
carboxylic monoesters, phosphoric esters, polyacrylrc 
acids and their copolymers, or polyurethanes; 

- adhesion promoters such as tricyclodecanedimethanol; 

- leveling agents; 

_ film-forming auxiliaries such as cellulose derivatives; 
_ transparent pigments such as silica; 



- flame retardants; or 
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- flatting agents. 

Furthet examples o £ suitable coating actives (a,, 
aes^ea in «. — , 

coating >V -an Bieie.an, wUe y -VCH, Weannea*. 

5 New York, 1998. 

^t-^-Lal I may comprise at least 
No t least, the coatxng materxal 

,i curable constituent (a7) « mxnor 
one thermally curaoxe 

. <- of the present invention, 
In the context of tne p 
amounts. In adversely 
10 ~ mi nor amounts" are amounts whxch 

affect the dual-cure properties of the coatxng materxal 
bu t instead vary them advantageously. Where use, 

, Min th e coating material I should not 
their proportion xn the 

nv 40% by weight, preferably 35 . oy 
exceed generally 40 fc oy 

15 weight, and especially 30% by weight. 

, suitable constituents (.7) are the binders 
Examples of suxtable therma lly 
and crosslink agents known from 
curable coating materials. 



20 ■ -« lal) are linear and/or 

f C1 iii-able binders (a/) 
Pvamoles of suitaDie >~> 

Examp . and/ or random 

,/ hiork comb ana/ox 

branched and/or blocK, 

arrv late copolymers, polyesters, 
P oly(meth)acrylates or acrylate cop 

• ..sins polyurethanes, polylactones, 

alkyds, amino resxns, po y arfducts 
25 poly car b ona t es. poiyet^s, epo.vreain-a.ane a .acts 
iLac^o,, P-U, saponin P o *~ > 
ster s or poiyuaea, oi ^ «- — * oopo^eas. 
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the polyesters, the polyurethanes. the polyethers, an, 
the epoxyresin-amine adducts are advantageous. 

Suitable binders (.7) are sold, for example, under the 
5 trad e names Desmophen® 650, 2089, 1100, 670, 1200 and 

„«rt*»r the trade names Priplas and 
2017 by Bayer, under tne ua 

Pr ipol® by Unigema, under the trade names Chempol® 
polyester or polyacrylate-polyol by CCP, under the 

i a n R r and o-86 by Croda, or under 
trade names Crodapol® 0-85 and y 

.0 the trade name Formrez® ER417 by Witco. 

Examples of suitable crosslink agents (a7) are 
blocked diisocyanates and/or polyisocyanates . 

15 Examples of suitable diisocyanates and/or poly- 
isocyanates for preparing the block derivatives (a7) 

»«™ciallv so-called paint 
are organic polyisocyanates, especially 

polyisocyanates. having free isccyanate groups attached 
t„ aliphatic, cycloaliphatic, araliphatic and/or 

preference is given to polyiso- 
20 aromatic moieties. Preference i y 

cyanates having from 2 to 5 isccyanate groups per 
m olecule and viscosities of from 100 to 10 000, 
pr eferably from 100 to 5 000, and in particular from 
100 to 2 000 mPas (at 23°C> . If desired, small amounts 
25 of organic solvent, preferably from 1 to 25% by weight 
b ased on straight pclyisocyanate, may be added to the 
polyisocyanates in order to maKe it easier to 
incorporate the isccyanate and, if appropriate, to 
reduce the viscosity of the pclyisocyanate to a level 
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within the abovementioned ranges. Examples of suitable 
solvent additives to the polyisocyanates are 
ethoxyethyl propionate, amyl methyl ketone, and butyl 
acetate. Furthermore, the polyisocyanates may have been 
5 hydrophilically or hydrophobically modified in a 
customary and known manner. 



Examples of suitable polyisocyanates are described, for 
example, in "Methoden der organischen Chemie", Houben- 

10 Weyl, Volume 14/2, 4th Edition, Georg Thieme Verlag, 
Stuttgart, 1963, pages 61 to 70, and by W. Siefken, 
Liebigs Annalen der Chemie, Volume 562, pages 75 to 
136. Suitable examples are the polyurethane prepolymers 
containing isocyanate groups that can be prepared by 

15 reacting polyols with an excess of polyisocyanates and 
are preferably of low viscosity. 

Further examples of suitable polyisocyanates are 
polyisocyanates containing isocyanurate, biuret, 

20 allophanate, iminooxadiazinedione, urethane, urea 
and/or uretdione groups. Polyisocyanates containing 
urethane groups, for example, are prepared by reacting 
some of the isocyanate groups with polyols, such as 
trimethylolpropane and glycerol, for example. 

25 Preference is given to the use of aliphatic or 
cycloaliphatic polyisocyanates, especially hexa- 
methylene diisocyanate, dimerized and trimerized hexa- 
methylene diisocyanate, isophorone diisocyanate, 2-iso- 
cyanatopropylcyclohexyl isocyanate, dicyclohexylmethane 
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4,4' -di- 

dicy clo*exyl*et*ane 



anate, or 1,3-bxsUsoV ids , assold 

iSOCY s derived fro, di«errc fatty 

dii soc y anates de ^ ^ l4l0 

un der t,e C °^ er 1 socyanat o^loctane, ^ 
1 8 -diisocyanato-4-xsocy ^socyanato 2 

' „natomethy heptane 

cy anato-4-isocyanato of 

isocyanatopropyDcY 



polyisocyanates 

. n to using mixtures 
; o qiven to 
^reference i s * and/or 

ve« P« tiCTlM ?t cont aining d on 

.,«> and/or a llolJ by catalytic 

isocvanurate = formed "> 

rfiisocyanate, « 
he xa,»et h yler>e drrso aiisocyanate 

15 appt o P riate — rany — d — - * "~ 
roay £ nrtber cc» PI1 se »y 
pol yisocyana«s — ^" 

are the blocking 
■^ble blocking agents ar 
EWBP les o* — us . R . 4 444 

aS rt1 xylenol, 

cresolr 

, u ch ^ Phenol » t-butyl- 
phenols ^cn et hylpnen°l< 
1} , chloropnenol, id 

ni " OPhe ;lc X yben,eic acid. esters c, 

» 7;;;rr rt -bntyi--^-tci-e ; 

«. m 5-valerolactam, 
. as 8 -caprolactam, 
. u la ctams, B _ proP iolacta m ; 



iactams, „ prop iolactatn; 

Y - b utyrolactam or p P 



iii) active methylenic compounds, 
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such as diethyl 



4-^ pthvl or methyl 
dimethyl malonate, ethyx 



malonate, 
acetoacetate, or acetylacetone; 



5 iv) aXcohois such as .ethane!, ethanoU n-propano . 
isopropanol, n- b utano!. l.*-«-ol. 
n . wl alcohol t-a.vl alcohoi, lauryl aXcohe! 
ethyl ene g lycol —thy! — - h y!e„e alycol 
mo noethyl ether, ethylene gl ycor .nonobutyr ether. 
di eth yl ene gl yco, — ^ ether. eiethy.ene 

, f hB r propylene glycol 

glycol monoethyl ether, propy 

v, . pther methoxymethanol, glycolic acid, 
monomethyl ether, metuu y 

glyC olic esters, lactic acid, lactic esters 
m ethylolurea, methylolmelamine, diacetone alcohol 
ethylenechlorohydrin, ethylenebromohydrin, 1, - 

^-,1 4_cyclohexyldimethanol or 
dichloro-2-propanol, If* eye 

acetocyanohydrin; 



20 



25 



^v, as butyl mercaptan, 
V ) mercaptans such as du y 



hexyl 

4.-,^, t--rlodecvl mercaptan, 
mercaptan, t-butyl mercaptan, t dodecy 

t-h-i oohenol, methylthio- 
2-mercaptobenzothxazole, thxopnen 

phenol or ethylthiophenol; 

, acid amides such as acetoanilide, acetoanisidin- 
amide, acrylamide, methacrylamide, acetamide, 
stearamide or benzamide; 

■ such as succinimide, phthalimide or 

vii) lmides sucn 

maleimide; 
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• „ phenylnaphthylamine, 

naphthylamxne, buty 
phenyl amine; 

v 9-ethylimidazole; 
5 h as imidazole or 2 etny 

ix) imidazoles such as 

ur ea, thiourea, ethyleneurea, 
ciuch as urea, 
•> ^ r ! 3-diphenylurea; 

ethyle nethiourea or 1,3 

h as Phenyl K-phenylcar.amate or 
xi) carbamates such as P 
2-oxazolidone; 

acetone o»i~. "r-Wo— ' 
xii i, oxi-s suen a ^ ^ ^ ketoxime , 

acetaldoxime. acet benzo . 

dii3 obutyi — ' 0 Lo Xi .e= ; 
phenone oxirce or cbloronexanon 



20 



or potassium bisulfite; 

xv , w droxamic esters meth acrylohyoroxan.ate; 
hyd roxa»te (BMH) or .Xlyl 



25 

or 



oles Xetoxi.es, l-l*"*" " 
xvi) substituted pyrazoies, 

tri azoles; and also 
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m ixtures of these blocking agents, espeoially dimethyl- 
py razole and triazoles, malonic esters and acetoacetic 
,r dimethylpyrazole and succinimide. 



esters 01 



As crosslinking agent (a7) it is 
tris (alkoxycarbonylami.no) triazines of 

formula 5 



also possible to use 
the general 



RC 





N 



*C • 

II 

0 



I 




II 

0 
-OR 



-OR 



Examples of suitable 

are described 



tris (alkoxycarbonylamino) -tri- 
in the patents 



azines (a7) 

us - R -4 939 213, OS-A-5 084 541. and EP-A-0 624 5,,. 
use is made in particular of the tris (methoxy-, trrs- 
<butoxy- and/or tris (2 -ethylhexoxycarbonylamino> trx- 

azines . 

Th e .ethyl butyl .nixed esters, the butyl 2-ethylhexyl 
mtx ed esters, and the butyl esters are of advantage. 
Th ey have the advantage over the straight methyl ester 

of better solubility in polymer melts, and also have 

less of a tendency to crystallize out. 
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In particular as crosslink agents («7) it is 
possible to usa amino rasins, examples being -lamina 
r asins. Any amino rasin suitable for transparent 
topcoats or clearcoats, or a mixture or such amino 
5 rasins. may be used. Especially suitable are the 
oustomary and Known amino rasins soma or whose methylol 
and/or methoxymethyl groups have been denationalized 
by means of carbamate or allophanate groups. 
CrosslinKing agents of this Kino are described in the 
10 patents US-A-4 710 542 and EP-B-0 245 700 and also in 
the article by B. Singh and coders, "Carbamylmethyl- 
atad Melamines. .oval Crosslinks for the Coatings 
Industry" in danced Organic Coatings Science and 
Tachnology Series, 1991, volume 13, pages 193 to 207. 
15 Moreover, the amino rasins may also be used as binders 
(all) in the base paint (Al) . 

Fur ther examples of suitable CrosslinKing agents <a7> 
are beta-hydroxyalKylamides such as N, N, N' ,N' -tetraKis- 

•j ^v- m n N' N' -tetrakis (2-hydr- 
20 (2-hydroxyethyl)adipamxde or N,N,N ,N 

oxypropyl) adipamide . 

Fur ther examples of suitable CrosslinKing agents (.7) 
are siloxanas, especially siloxanes containing at least 
25 one trialKcxy- or dialKoxysilane group. 



Further examples of suitable CrosslinKing agents (.7) 
are polyanhyorides, especially polysuccinic anhydrrde. 
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a resin (al) 



o 



10 



15 



If the coating material I includes 

^ the constituent 

containing no functional groups (.12). 

•i resent in the coating material I. 
(a 7) is mandatorily present 

In a ccor da nce wit, the invention, it is of — in 
this case if the ahove- d escrihe d hinders (.7, are used 
for this purpose. 

Ml in all, it is of advantage for the coating material 
, f the invention if the complementary functional .roups 
(al2) and (a22) , especially hydroxyl .roups an d the 

o£ £r om .., to 2:1. wi- Particular preference fro, 0 
to 1.5:1. with very particular preference from 
1.2=1. and in particular from 0.8 to 1.0:1. 

, r for- use in accordance with the 
The coating material I for use 

invention .ay he present in d ifferent 
instance, given an appropriate choice of its ahove- 
de scrihe d constituents, it .ay he present as a liguid 
ccating material X which is essentially free from 
or g a nic solvents and.or water. However, the coat n 
ma ter ia l X may also comprise a solution or drapers on 
of the ahove-descrihed constituents in water and/or 

fh(a roatinq material I, 
organic solvents. Furthermore, the 

„ f its above-described 
given an appropriate choree of it. 

constituents, may he a powder clearcoat material 
Thia powder clearcoat material X may he d is P erse d if 
de sired in water, so giving a P ow d er slurry clearcoa 
serial X. Xf the reactivity of its constituents ,al, 



20 



25 
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and/ , I may be a one-component 

permits, the coatino materral I may > ^ 



Tf however, there is a 
SV d constituents underpin, premature 

ab ovementroned cons ^ „ nfigure the 

thermal crosslinkxng, it xs 

• \ x a s a two-component or multicomponent 
coating materxal I as a two 

_ 4- i MS t the constituent (a2) is 
svstem, in which at least tne 

I!. separately from - remainin, constants and 
is not added to then, until shortiy hefore use. 

' flir1 . he r clearcoat film H 

In the second process step, a further 

a coating material XX curable with actinic radxat = 
and also, if -sire,, thermally is applied to 
partially cured clearcoat film I. 

5 oion be present as a 

^^Hal II niay also oe f- 1 - 
Th e coatrn, materral 

liq uid, soiution, drspersron, powde 

or powder siurry clearcoat materral I. 

w ,~ -For the coating 
using the methods described above for 

. ±1 It is of advantage in accordance wxth the 
20 material . -*i II in a wet 

^ ? oolv the coating materxal II 
invention to apply cl earcoat 

„v, fhat after curing, the ciea 
film thickness such that, 

^ m a of the invention has a cry 
„ in the clearcoat system A t 

£U m thicxness of preferably from 2 . 

, in and in particular 

25 particular preference from 3 to 10, 

from 4 to 8 um. 

* tantial constituents of the coating material II 
The substantial ^ 

are nanoparticles, especially those 
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. < and zirconium oxide. They have 
dioxide, aluminum oxrde and 

,. plfl size of less than 50 nm, and have 

3 " f/e Preferably, nanoparticles based on 

flatting effect. 

alum ino m oxide and .rtconiu. oxide are used. 

, of suitable nanoparticles based on silicon 

trade name Aerosxx or 

„ < n Qil® TS 610, i-i 
under the trade names Cab O Sxl« 

CT 1110G by Cabot. 

articles are sold in the form of 
In ge neral, these nanoparticles 

--- in - erS ;: a r a5) .escribed above. 
su ch as the reactive diluents (.5 

of suitable monomers which are esp 
5 Examples of suita alko xylated 
for the present application are 
suitable for the p , , e or triacrylate, 

. hHtol tetraacrylate or 
pentaerythr xtol tetraacrylate or «iacrylate, 

^i-rimethylolpropane tetraacryx 

r.;u> ■ jrrr,r. 

hexanediol diacry 

, ai n the nanoparticles in an amount, based 
contain the n P ^ ^ 

case on the disperses, of from 

„ a5 to 70% by weight, with particular 
25 preferably from 15 to and in part icular 

preference from 20 to 60% by weight, and 

from 25 to 50% by weight. 
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mple of a nanoparticle dispersion whxch 

" " itable in accordance wit, the invention xs 

especially suxtable ^ ^ OG 

the dispersion sold under the 
103-31 by Clariant Hoechst . 

. ns are present in the coating 
„ arH cle dispersions are yj. 
The nanoparticxe f 

o-iw in an amount of trom 
, oHal ii advantageously xn 
material u frnm 3 to 25% 

• ht with particular preference from 

3o% by ir 1 l *- S to , y 

by werght, o£ the coating 

based in each case cn the overa 

material II. 

further comprises a resin 
The coating material suitable 

•,h actinic radiation. Examples 
curable with actini ^ 
ahle wit h actinic radiation come 
5 r esins curable ^ described above 

ol igomer and polymer classes 

in connection with the resin (al) ^ 

the invention if tne res 
in accordance . - ^ (al2) 

20 or (a22) . or cn particular 
„ the (meth) acrylate oligomers have P 
^ therefore used with partrcular 

advantages and are thereto 
preference in accordance with the inventron. 

. n is employed advantageously in an amount of 

» The re " n . aht ui th particular preference 

C ^ qo% bv weight, wlUi ^ 

£rOT 5 . aht and in particular from 20 to 

„ n . ^ on% bv weight, anu xn 
from 10 to 80 o by 

70 % by weight, based xn each case 
of the coating material II. 
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tt mav include the 
rnatinq material H mciy 
Furthermore, the coating 

. ,*3> (a4>, (a5), (a6) and/or (a7> 
constituents (a3) , 

described above in connection with the 
If in the amounts specified there. 

xi-n-h the invention, the 
In a procedure in accordance with 

_ , IX ar e cured conjointly with 
clearcoat films I and II 

acti nic radiation and thermally in the process step 3. 
re too, the apparatus and methods described above in 

Here . nf t he clearcoat 

•4-v, the partial curing of tne 
connection with the pan- 
film I are employed. 

c a of the invention, which 
in the alternative process A of tn 

has particular advantages for automotive refinish m 

t cular the applied clearcoat fil»C> I are cured 
i particular, tne *w 

not partially but completely in tne first process step, 
u ing tne apparatus an* methods described above 

Q11 rface of the clearcoat 
«- -i,, the outer surface 
Subsequently, tne o 

E11 , (sl ! is routed. The customary and 

thods such as rubbing with sandpaper er 
• 0 roughening methods, sucn ..._,„ 
, , or filing or brushing, are approprrate rn 
steel wool, or nxx^y 

„ ffer in the second process step, the 
this case. Thereafter, * ^ ^ 

ab ove-described clearcoat f rim H 

, oicn if desirea, 
cured with actinic radiation and also, 

■«„ the apparatus and methods 
25 thermally, again using the a PP 

described above. 

The clearcoats A of the invention described above. 
„ hi ch are preferably produced with the ard 



- 53 - 



accesses A of the invention, may also be part of the 
multi coat system B of the invention, —us ly 

, twM ar e produced with the aid of the 
these systems are y 

processes B of the invention. 

th , dearcoat film(s) I in the first 
For this purpose, the clearco 

M . step is or are applied not to the primed or 
process step w 

w - ra ther to at least one color 
unprimed substrates but rather 

a * film III which is present 
and/or effect basecoat film 

morisinq a pigmented coating material III 
10 thereon, comprising P y 

•i-F desired, with actinic 
curable thermally and also, if desire 

radiation. 

u is of advantage to 
in accordance with the invention it 

f ,.1 T by the wet-on-wet 
15 a ppi y the clearcoat fxlm(s) I by 

„ • * to the dried or flashed off, but not cured, 
technique to tne au- cu 

basecoat film III- 

• n a first variant of the process B of the 
Thereafter, in a lirsx. 

20 Mention, tne —oat «,.«., X" - * <™ < 
(ilm(s) , are partXy cured. Suose.uentXy, » tne tnrrd 
process step, tne dearcoat f U. XX i. aPPUea after 
which tne nasecoat «!.«.> X", cXearcoat «!.«.) X and 
cle arcoat ««. XX are cured conJoXntXy with actrnac 
25 radiation and thermally- 

of the process B of the 
in the second variant of 

im »Uo, in tne tn.rd process step tne nasecoa 
film ,s, XXX and tne cXearcoat fiXMs, X are fuXly 
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cured, after which in the fourth process step the outer 
surface of the clearcoat «„«.> I - rou g hened 
hereafter, in the fifth process step, the clearcoat 
film X! is applied and in the sixth process step rt rs 
5 fully cured. 

Sultab le coatin, .aterial XXI for the production of the 
bas ecoat fiX M XXX crises the custom and Known 

especially waterborne basecoat 
basecoat materials, especially 

10 materials. 

Examples of suitable waterborne basecoat .ateriaXs are 

kn own fro. the patents EB-A-0 0S9 497, — ' 

EP - R -0 2 60 447, EP-A-0 2 97 576, «° ^ 74 ' 

EP-A-0 003, BP-A-0 397 806, 
EP-A-0 523 61U, * 

a K-ai mn EP-A-0 581 211, 
EP _ A _0 574 417, EP-A-0 531 510, 

7\ r> 454 DE-A-43 28 092, 
E p_ A -0 708 788, EP-A-0 593 454, 

EP - A -0 2 99 146, EP-A-0 394 737. — 

EP - A -0 ,34 36 2 , EP-A-0 .34 361, — -3 

« »i Q?8 EP-A-0 522 420, 

,„ „ in EP-A-0 521 92o, " 

20 WO 95/14 721, n __, 

a c/iq RfiS EP-A-0 536 712, 
EP-A-0 522 419, EP-A-0 649 865, 

^ a c\ EP-A-0 584 818, 
EP - A -0 596 460, EP-A-0 596 461, 

EP - A -0 669 356, — 634 431, — «. 53 , 

EP - A -0 354 2 61, EP-A-0 4 2 4 705. WO 97/49 745 
25 M0 97/49 747, EP-A-0 401 565, E P -B-0 730 613, and 
WO 95/14 721. 

In the case of the processes B of the invention it is 
possible - as alread y mentioned - to e mP lo y all 
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10 
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application, curing and roughening methods and 
apparatus described above in connection with the 
coating material I. 

owing to their glasslixe surface, the clearcoats * of 
the invention and the multicoat systems B of the 

v^^rv, Qrratch resistance, 
invention have an extremely high scratch 

This advantageous property is supplemented by an 
outstanding optical properties profile and also 
outstanding weathering stability and chemical 
resistance. *s a result, motor vehicles, plastics 
parts, furniture and other parts for private or 
industrial use, including coils and containers, which 

rloprrnat a of the invention 
_ lpoet one clearcodL ^ 
comprise at least 

and/or at least one multicoat system B of the 
invention, are superior in their value, their service 
pr operties and their service life to products whrch 
comprise only conventional coatings. 

Example. 1 and 2 and comparative experiment CI 



25 



production of inventive clearcoat systems A 
Cexamples 1 and 2, and also a noninventive clearcoat 
system (comparative experiment CI) 

!„ the case of examples 1 and 2 and in the case of the 
comparative experiment CI, a clearcoat film 1 of a 
coating material I was applied to PKMa test panels, was 
predried for 6 minutes and was partially cured using UV 
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radiation with an energy of 1 or 2 IUiJo.1../- . In 
all cases, the clearcoat film I was applied in a wet 
£ilm thickness such that in the fully cured clearcoats 
o£ examples 1 and 2 and of the comparative experiment 
cl the resulting dry film thickness was from 25 to 



27 yim. 



10 



15 



20 



The coating material I consisted of 100 parts by weight 
o£ a U rethane (meth, acrylate which was free from 
hyd roxyl groups (Bbecryl* 512, from OCB, , 100 parts by 
„eight of a polyesterpolyol (D esmophen® from Bayer AG) . 
2 5 parts by weight of a commercial photoinitiator 
(I rgacure® 319 from ciba and bucirin® TBO from BASF 
AG) t 0.6 part by weight of a commercial gv absorber and 

jt Tinnvin® 400 and neutral 
light stabilizer (mixture of Trnuvrn® 

, » sterically hindered phenol) 

HALS from Ciba and also a sterica y 

and 50 parts by weight of a co^ercial oligomeric 
acrylate containing free isocyanate groups and acrylate 
9 rou P s (Roskydal® 25,5 from Bayer AG,. For application, 
th e coating material 1 was adjusted to spray viscosity 
using a suitable organic solvent (mixture of butyl 
acetate, n-butanol and Ektapro®, . 

• , t t aoolied over the partially 

The coating material II was appne 

, our ed clearcoat film I, in ^ 
tnickness II such that complete curing resulted in a 
dry film thickness of from 4 to 6 um. 
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in the case of example 1, the coating material II 
consisted of 30 parts by weight of a commercial 
(meth)acrylate oligomer (Ebecryl® IRR351 from UCB) , 10 
parts by weight of a commercial reactive diluent 
5 (servocure® RTT 192 from Servo Delden) , 10 parts by 
weight of a commercial dispersion of nanoparticles in a 
polyfunctional monomer (High Link® OG 103-31 from 
Clariant Hoechst) , 2 parts by weight of a commercial 
photoinitiator (Lucirin® TPO from BASF AG), 1 part by 
10 weight of a commercial UV absorber (Cyagard 1164L from 
Cytec), and 0.05 part by weight of a commercially 
customary, siloxane-based wetting agent. For 
application, the coating material I was adjusted to 
spray viscosity (solids content about 30 to 40% by 
15 weight) using an appropriate organic solvent (mixture 
of butyl acetate, n-butanol and Ektapro®) . 

The coating material II of example 2 corresponded to 
that of example 1 except that in this case an 
20 additional 10 parts by weight of silica (Aerosil®) were 
present . 

The coating material II of the comparative experiment 
CI corresponded to the coating material of example 1 
25 except that in this case no High Link® OG 103-31 was 
present . 

in examples 1 and 2 and in the comparative experiment 
CI, the clearcoat films I and II were fully cured, 
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£o llo„in g a rest period of 6 minutes at f» 50 to 
60-c. with "V radiation (from X to 3 }oules/cm , and 
thermally (10 minutes at 90°C) . 

The clearcoats were sheeted to the Taber 5131 

nor arm Appropriate equipment is 
one kilogram per arm. * 

available from ERICHSEN, E-92508 Rueil-Malmaison, 

in accordance with DIN 67530. For comparison, the 
abrasion resistance of uncoated PMMa and PC plastic 

j The table gives an overview of the 
panels was measured. The taoxe g 

r esults obtained. The comparison of the haze values in 
the table demonstrates the superior scratch resistance 
of the clearcoats A of the invention, which are 

outstanding suitable for impartin, scratch resistance 

to sensitive surfaces of plastic. 
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Table: The haze values (losses in light 
transmissivity, in percent) of the inventive 
(examples 1 and 2) and the noninventive 
(comparative experiment Cl) clearcoats 

Loss of light transmissivity 
after: 




10 



15 



Additionally, the inventive clearcoats of examples 1 
and 2 were subjected to the key test, which is relevant 
for everyday practice. For this purpose, they were 
scored under load with a BIG® pen having a ball of 2 mm 
in diameter. Here it was found that the inventive 
clearcoats were scratchable only at loads above 
2 000 g. The corresponding load in the case of the 
siloxane-containing baking clearcoat, used as standard 
in this test, is 500 g. 



